INTRODUCTION
Bilirubin has been shown to produce cytotoxic effects. 1 -4 Different cell types are different in their susceptibilities to bilirubin damage. 5 Although different methods have generated some variance in results, the most consistent finding has been disruption of mitochondrial functions. 1 -5 We developed a modified MTT [3-(4,5-dimethylthiazole-2-yl)-2, 5-diphenyl tetrazolium bromide] method in our laboratory to study the effect of bilirubin cytotoxicity. 6 Our approach has eliminated the interference of bilirubin pigment on reading the transformation of MTT to formazan in the original method. 2 More consistent and highly reproducible results are thus obtained. Among many clinically observed problems, the effects of endotoxin and cytokines were studied in our in vitro cell culture model.
MATERIALS AND METHODS
A modified MTT method developed in our laboratory 6 was adopted to study the effect of bilirubin on the viability of several human cell lines in vitro including neuroblastoma (ATCC, HTB-10, SK-N-MC), glioblastoma (ATCC, CRL 1690, T98G), umbilical vein endothelial (ATCC, CRL 1730, HUV-EC) and liver cells (ATCC, CCI 13, Chang liver, HeLa markers).
Lipopolysaccharide (LPS) from E. coli 0111:B4 (Sigma, St. Louis, MO, L2630) and recombinant human TNF-(Genzyme Diagnostics, Cambridge, MA, TNF-H) were used to test for their effects on bilirubin cytotoxicity by methods described in a previous report. 7 The effects of IL-1, IL-1, and IL-6 (Genzyme Diagnostics) were similarly tested. Figure 1 shows the effects of bilirubin, endotoxin (LPS), and cytokines on human endothelial cells. With bilirubin/albumin
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AIM:
To determine the effects of endotoxin and cytokines on the cytotoxic effects of bilirubin.
METHODS:
A cell -culture model was developed to simulate the effect of an infection by adding endotoxin from E. coli ( LPS ) and pro -inflammatory cytokines ( TNF -, IL-I, IL-1, and IL -6 ) to the medium. The cytotoxic effects were measured by a modified MTT method. Four cell lines were tested; they were neuroblastoma, glioblastoma, liver, and endothelial cells.
RESULTS:
Both endotoxin and pro -inflammatory cytokines were demonstrated to enhance bilirubin cytotoxicity on all the cell lines tested, as illustrated by endothelial cell from umbilical vein. Endotoxin and TNF -also showed an additive effect. TNF -concentrations at much lower than clinical sepsis levels have been shown to produce significant cytotoxic effects. Figure 1 . Effect of bilirubin, bacterial toxin, and cytokines on human endothelial cells. Note decreasing cell viability with increasing bilirubin / albumin ( B/A ) ratios. Addition of bacteria toxin (LPS 10 g /ml ) and TNF -( 10 U or 1000 pg /ml ) resulted in significant left shifting of the cell viability results; e.g., at B/ A ratio of 1.0 the bilirubin cytotoxicity was enhanced by two -fold. Further addition of other cytokines produced no more effects.
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(B/A) molar ratio beyond 1.0, a cytotoxic effect started to show and marked increased cell death occurred when the B/A ratio exceeded 1.2. Figure 2 shows the additive effect of LPS (10 U/ml or 1000 pg/ml) and TNF-on bilirubin cytotoxicity to the endothelial cells at B/A ratio of 0.6. Increasing concentrations of LPS rendered the enhanced bilirubin cytotoxic effects of a fixed amount of TNF-(10 U/ml) much worse. Addition of IL-1, IL-1, and IL-16 did not seem to make the bilirubin cytotoxicity worse.
As shown in Figure 1 , at B/A ratio of 0.6, little cytotoxicity was demonstrated. Addition of endotoxin alone did not produce significant toxicity unless the concentration was above 20 U/ml. More cytotoxicity was observed when TNF-10 U/ml alone was added, but such effect was much less compared to the further addition of endotoxin even at 10 U/ml level only.
DISCUSSION
Earlier observations on Chinese neonates in Hong Kong have revealed several circumstantial features that might be causally associated with the high prevalence of neonatal jaundice and the severity of the condition. 8, 9 Two traditional Chinese practices appeared to be particularly relevant, viz. (1) herbal-tea consumption in the neonatal period 8 -15 and (2) keeping the umbilical stump covered with various materials thereby enhancing bacterial overgrowth and sepsis. 13 -16 Some of the commonly used herbs were associated with acute hemolysis in Glucose-6-phosphate dehydrogenase (G6PD) deficient infants resulting in hyperbilirubinemia. 12, 15, 16 Several herbs have been demonstrated to displace bilirubin from protein binding, therefore increasing the risk for kernicterus. 10 -12 The mechanisms for the association with infection were less well defined.
As reported in previous observations, sepsis and umbilical infections were associated with significantly more severe hyperbilirubinemia and kernicterus in the neonates. 8,9,15 -23 Infants who had the set-up for hemolysis such as those with G6PD deficiency and ABO blood group incompatibilities also developed more severe jaundice with infections. 8, 9, 16, 21, 22 Even among infants whose jaundice was ''nonspecific'' in nature, infection had made their bilirubinemia worse. 15, 16 Among the term infants who were kernicteric, umbilical infection and confirmed sepsis was also excessively represented. 9 In the present study, we have shown that increasing availability of unbound bilirubin as demonstrated by a B/A ratio beyond 1.2 ( Figure 1 ) was associated with decreased cell viability. We have demonstrated that TNF-, even at the small amount of 10 U/ml, could enhance bilirubin cytotoxicity markedly. Such effect bears a dose-response relationship in all the cell lines tested. As shown in Figure 2 , when the TNF-reached 40 U/ml, which was still way below the level achieved by a fulminating sepsis, the cell growth as an expression of cytotoxicity was suppressed to near zero with bilirubin B/A ratio of 0.6. Figure 2 also shows the additive effects of combining endotoxin from E. coli (LPS) with the cytokines. It can be noted that at B/A ratio of 0.6, which corresponds to a serum bilirubin concentration of only around 20 mg/dl of a term neonate, significant cytotoxicity has occurred even at TNF-concentrations much below the level expected from overt sepsis. These findings suggest that overgrowth of bacteria in an unhygienic environment such as heavy contamination of the umbilical cord stump could produce significant cytotoxic effects in the otherwise healthy-looking jaundiced infants. It is not surprising, therefore, to speculate that by changing the routine of umbilical cord care from ''covering'' to ''exposing and keeping clean,'' a reduction of kernicterus could also be related. 13 -17 Some studies have shown that endotoxin could alter the bloodbrain barrier, thereby increasing the chances of bilirubin entry to produce brain damage. 24 Other workers have reported on a potent injurious effect on the blood-brain barrier by TNF- 25 and the association of high levels of TNF-with fatal outcome of infections. 26 -28 We have reported earlier on the additive effect of endotoxin and TNF-on bilirubin cytotoxicity on several cell lines. 7 Such enhanced bilirubin cytotoxicity is now demonstrated also in human endothelial cells, which may be the most important component of the blood-brain barrier. Our findings in this study, therefore, may offer an explanation to the clinical observations of an increased risk of kernicterus in neonatal infection. 8,9,15,16,19 -21,28 The emergence of kernicterus in term infants in the US recently has aroused intense interest to search for explanations; 29, 30 62 of the 80 infants in the most recent series 30 did not demonstrate any evidence of hemolysis, and nearly all infants were discharged early after birth. One cannot help wondering whether early discharge to a much less controlled home environment might increase the chances of many adverse factors including bacterial contamination, which could have enhanced bilirubin toxicity to the brain.
We have shown here in a cell-culture model that introduction of bacterial toxin and/or pro-inflammatory cytokines to simulate an infection would much enhance the cytotoxic effects of bilirubin. Apparently, there are more reasons to believe that neonatal hyperbilirubinemia should be treated with greater respect, especially if environmental factors such as infections or overcontamination by bacteria are anticipated.
